Sexual agglutination of yeasts, wherein opposite mating types of a species agglutinate together, was discovered by Wickerham (1956) in Hansenula wingei. It is found in at least three additional genera of yeasts (Wickerham, 1958; Wickerham and Dworschack, 1960) , and presumably occurs commonly in yeasts. Wickerham (1958) and Wickerham and Burton (1962) emphasized the close relation of sexual agglutination in species of phylogenetic lines to higher ploidy level as well as to recent evolutionary development.
Sexual agglutination of yeasts, wherein opposite mating types of a species agglutinate together, was discovered by Wickerham (1956) in Hansenula wingei. It is found in at least three additional genera of yeasts (Wickerham, 1958; Wickerham and Dworschack, 1960) , and presumably occurs commonly in yeasts. Wickerham (1958) and Wickerham and Burton (1962) emphasized the close relation of sexual agglutination in species of phylogenetic lines to higher ploidy level as well as to recent evolutionary development.
Sexual agglutination is generally specific between opposite mating types of the same species. This specificity indicates that the mechanism of sexual agglutination is based on a selective interaction of the two types. The structures having this specificity are as yet unknown, and warrant further study.
Limited evidence is available concerning the nature and mechanism of sexual agglutination. Brock (1958a, b; 1959) showed that the ability of type 21 of H. uingei to agglutinate with the opposite mating type was destroyed by trypsin and some other proteolytic enzymes, but its opposite type 5 was not affected. Similarly, treatment with 80% phenol or hot dilute HCl inactivated type 21, but not type 5. On the other hand, type 5 could be more rapidly inactivated with dilute sodium periodate. From his evidence, Brock postulated that the elements responsible for agglutination on the surface of type 21 were protein. The higher sensitivity to periodate was somewhat tenuous evidence in favor of a carbohydrate on the surface of type 5. It was quite evident, though, that the two mating types were distinctly different in their responses to various agents, and thus substantially different structures were implied in their agglutinative elements.
The agglutinative elements of type 5 can be freed from the cell, at least in part, by treatment with snail enzymes (Taylor, 1964) . The soluble agglutinating factor released from type 5 specifically agglutinates the opposite mating type 21. Hunt and Carpenter (1963) suggested that sexual agglutination involves sterols, based on their observations that nystatin inhibited agglutination. Brookbank and Heisler (1963) (Wickerham, 1956) , and Saccharomyces kluyveri (Phaff, Miller, and Shifrine, 1956 ) NRRL Y-4288, mating types 3 and 26 (Wickerham, 1960) , were received from L. J. Wickerham of the Northern Laboratory. The organisms were grown for 2 days at 25 C in shaken flasks in YM medium (Haynes, Wickerham, and Hesseltine, 1955 Brock (1959) found that boiling in water intensified sexual agglutination, and such treatment was used here to prepare preliminary stocks. However, in other experiments, boiling for extended times sometimes inactivated the preparations, and other activating treatments were sought. Other procedures that activated agglutination were extraction with solvents at room temperature, such as 0.1 M NaOH for 10 min; or 2-hr treatments with 8 M LiBr (pH 5.6), 8 Mguanidine-HCl (pH 5.6), or 10% phenol (pH 7.8 pH and with urea where applicable. All work reported in this section was performed with one preparation of each mating type; other preparations gave similar results, however.
No inactivation was observed in the following solvents for any of the four mating types in the pH range 2.0 to 7.5: water, 14 days at 1 C or 6 The usual difficulties appear when interpretation of the various inactivation treatments is attempted. The reagents are of varying specificity, and perhaps none is absolutely specific for one chemical grouping. The most specific are treatment with mercaptoethanol (RSH) or cysteine, which should cleave disulfide bonds. Effects of these and other agents that cleave disulfide bonds, such as Na2SO3, NaCN, and Ag+ (Cecil and McPhee, 1957) , indicate that type 5 and the similar type 3 contain disulfide bonds needed for sexual agglutination to occur. Type 26 was also affected, but more gentle treatments with disulfide-cleaving agents (Table  1) indicate type 3 to be more sensitive. NaCN, a weaker disulfide-cleaving agent, was effective only on type 3.
After inactivation of type 5 with mercaptoethanol, reactivation by recombination of disulfide bonds was attempted by White's (1960) procedure of bubbling air through washed cells. No reactivation of agglutination occurred, but reactivation was not precluded because only a few experiments were performed.
As for inactivation by DNFB, amino groups should be covered in the 2-hr treatment (Hirs, Halmann, and Kycia, 1961 Inhibition of agglutination. Agglutination is inhibited in 8 M urea (Brock, 1959) . Lower concentrations of such strong dispersing agents may partially inhibit agglutination, and their effect depends on pH. Figure 1 shows typical results for equal concentrations of type 5 and 21 cells equivalent to an optical density (OD) of 0.5 at 590 m,i in water; solvent and cells were mixed, shaken for 5 min, and rested for 30 min. Guanidine-HCl is the most effective inhibitor on a molar basis. Inhibition was reversible by washing the solvent from the cells with 0.1% NaCl solution. There is a minimal inhibition for guanidineHCl at about pH 4.5. Replicate experiments under slightly different conditions confirm that the minimum is close to this value. The pH variability shows that sexual agglutination is affected by charged titratable groups on the cell surface. Their effect could be either cell-to-cell repulsion due to general surface properties or a more specific action on the agglutinating elements.
Agglutination between types in 2.0 M guanidine-HCl at pH 4.5 is evidently quite weak. A similar solvent system, but containing 2.5 M guanidine-HCl, was used in testing rate of inactivation of agglutinability to observe early effects of inactivating agents.
Rates of inactivation. Inactivation of sexual agglutinability was explored further by measuring the rates of inactivation by RSH and by NaOH.
If the reagent is in sufficient excess to be essentially constant through the reaction interval, then one might expect chemical bonds to be broken according to a first-order reaction. The results obtained experimentally could then be used to evaluate the significance of quantitative agglutination measurements.
When the inactivation rate of type 5 cells by RSH was measured, agglutination with type 21 cells decreased; i.e., turbidity increased, in a sigmoid function with time (Fig. 2, curve A) . Samples of type 5 cells treated for various reaction times were obtained by withdrawing samples of the reaction mixture, diluting and cooling to stop the reaction, and washing the cells after centrifugation. Agglutination was tested by mixing equal volumes of treated type 5 and untreated type 21, both made up in 1 % MgSO4 7H20 and of OD (590) was 59 min. During the first 30 min or so, there was a lag period in which no apparent inactivation occurred. However, if the same series of treated samples was assayed by performing the agglutination tests in 2.5 M guanidine-HCl at pH 4.5 (curve B), then the half-time was only 12 nun. The agglutination response in 2.5 M guanidine-HCl was much more sensitive to RSH. Again, there was a lag period. Finally, if agglutination was tested with 1 volume of treated type 5 cells to 9 volumes of untreated type 21 c?lls (curve C) each in 1% MgSO4 and of OD (590) equal to 0.5, then the half-time was 32 min, a time which is also less than that for curve A.
As indicated in the section on the agglutination test, the quantitative results on partially active samples,was sensitive to agglutination reaction con'4tipis. A few tests of agglutination activity of thq type 5 cells of Fig. 1 with longer agglutination; tiw0s indicated that the sigmoid curves of Fig. 1 may become steeper and displaced to longer,tinies, but the points at which agglutinating activity becomes completely absent appeared not tob6 changed appreciably.
Te' sijinoid response curve of type 5 treated with 'lSH! is decidedly not apparent first-order with respect to loss of agglutinating ability. Particularly, the lag period (Fig. 2, Luria and Latarjet (1947) , for which they developedk!suqh a multiplicity hypothesis.
The "increased sensitivity of type 5 cells to RSH when assayed in guanidine-HCl (Fig. 1 , curve B) tends to confirm the multiplicity hypothesis. The' conditions chosen here were such that even normal agglutination was weak, so that any deterioration in agglutinability would be noticeable. Thus, more nearly every agglutinative element on type 5 cells appears necessary under these more adverse conditions, whereas less of the normally available elements are required for agglutination in 1% MgS04*7H20.
Similar reasoning applies to assaying agglutinability at unfavorable cell ratios (Fig. 1, curve C) . In a test involving only one reaction time, the sigmoid inactivation response of Fig. 2 shows that considerable inactivation of the agglutinating sites could have occurred without being perceived. Such a test gives essentially a yes-or-no response, with some possibility of partial inactivation being found. For this reason, the inactivation data in Table 1 were reported in simplified form. However, in this approach it is assumed that all agglutination sites on each mating type are essensentially equivalent. As discussed below, this appears not always to be the case.
Rates of inactivation by other agents, as well as replicate experiments with RSH, are shown in Table 2 as half reaction times. Also calculated were lag times, the time at which the linear extension of the horizontal lag curve joins the linear extension of the rising curve (Fig. 1) . The ratios of lag time to half time (lag ratio, (Brock, 1959 Evidence is developing that agglutinative elements on the cell surfaces of type 5 may be heterogeneous, in that all the elements do not react alike. When type 5 was treated with snail enzymes to remove the soluble agglutinating factor, the agglutinative activity of the cells diminished to a constant low value which was unaffected by an additional treatment with fresh enzyme (Taylor, 1964) . When type 5 was treated with cysteine at pH 8 without urea (Table 1) , a similar effect was observed, in that a further 16-hr treatment produced no more inactivation after a 1-hr treatment. Philip Snider (personal communication) has observed in type 5 a resistance to further inactivation with periodate after treatment under appropriate conditions. lIrock (1959) showed a similar effect in type 21. Evidently, a fraction of the agglutinative elements on type 5, and perhaps on 21, is more resistant to attack. Whether partial resistance of type 5 in all three cases is due to the same fraction of resistant agglutinative elements remains to be tested. Any such heterogeneity may be a complicating factor in quantitative agglutination tests.
A tentative, but reasonable, model of sexual agglutination is that the two mating types of a species have complementary agglutinative elements on their surfaces, in excess over the minimum necessary for agglutination. In an average contact between cells of opposite type, several pairs of these complementary elements combine and thus hold the two cells together.
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